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We present recent experimental and modeling results on membrane protein studied by X-ray absorption spectroscopy (XAS) at the room temperature in solution. Heme-copper oxidases are integral membrane proteins which serve as the final electron acceptor of respiratory chains across all kingdoms of life. These integral membrane proteins accept electrons so as to reduce oxygen to water and thereby exploit the chemical energy released to pump protons. Given the complexity of these processes, it is essential to determine any effect of changes in protonation state of groups near the catalytic iron-copper centre. Such groups are likely to play essential roles in these functionally important conformational changes. Most proposed proton-pumping mechanisms involve CuB site and its histidine ligands. The existence and identity of such reorganization of the CuB geometry caused by protonation/ deprotonation and/or breakage of one of the Cu-N(His) bonds is a difficult matter to either prove or disprove since CuB is spectrally silent. Since the Ubiquinol oxidase consists just one Cu site and two Fe atoms it's ideal candidat to apply X-ray absorption spectroscopy to study what happen near the Cu-site when Cu changes its oxidation state and to study pH dependence of the Cu site.
We report the X-ray absorption near edge spectroscopy (XANES) studies of the copper edge of the cytochrome bo3 quinol oxidase from Escherichia coli. Our ab-initio calculations (non muffin-tin FDMNES [1] ) and modeling (FitIt software [2] ) results indicate that the Cu-site changed its associated ligands for oxidised Cu(II) and reduced Cu(I) states of the protein. However room temperature copper K-edge X-ray absorption spectra remains unchanged in the pH range 6.5-9.5 for both oxidized and reduced forms of copper correspondently, indicating that no structural changes takes place at Cu-site depending on pH. Ferrocene is a standard for iron X-ray absorption fine structure (XAFS) and X-ray absorption near-edge structure (XANES) especially for comparison to samples in solution, both because of its well-defined structure and its sharp redox properties. Its significance is reflected by award of the Nobel prize to EO Fischer and G Wilkinson in 1973 for the elucidation of its structure [1, 2] . We analyse ferrocene data collected in a cold cell at the Australian National Beamline Facility (ANBF) in Tsukuba, KEK, Japan using conventional fluorescence XAFS. A challenge for fluorescence spectra is the determination of information content or significance. With this, critical quantitative hypothesis testing can be pursued. Without this, naive hypothesis testing can be applied for simple systems, becoming fraught for complex systems, even including mixtures of two species or ionization states. We present robust standard errors from such typical datasets and illustrate their potential applied to a subtle and long-standing problem of ferrocene -that of the orientation of the two cyclo-pentadienyl rings.
Similar recent approaches have shown great potential in the comparison of crystallographic parameters to dynamical measurements Hexameric insulin exists as an allosteric complex with three well known conformations (T 6 , R 6 and T 3 R 3 ) [1] [2] [3] . Each hexameric complex contains two divalent metal ions (typically Zn). Both ions are located on the three-fold symmetry axis going through the hexamer and coordinate to three symmetry-related histidine N ε2 atoms. Octahedral coordination is fulfilled in the T 6 conformation by further coordination of three water molecules and in the R 6 conformation tetrahedral coordination is fulfilled by coordination of one lyotropic anion, which is also located on the three-fold symmetry axis. A dual octahedral/ tetrahedral coordination is observed in the T 3 R 3 conformation.
In this work we have studied all three conformations of bovine insulin by combining complementary techniques: Single crystal Xray diffraction (XRD), X-ray powder diffraction (XRPD) and X-ray absorption fine structure spectroscopy (XAFS).
Crystals of T 6 , R 6 and T 3 R 3 zinc insulin were grown and the structures were solved by single crystal XRD, to obtain good model structures for the XAFS data analysis. For bovine insulin only the structure of T 6 conformation has hitherto been solved [4] .
All three conformations form crystals in space group R3, and can, however, easily be distinguished by XRPD since the unit cell parameters alter.
[5] Using in-house XRPD the conformations were verified before and after XAFS experiments. [6] The coordination around the zinc sites were studied by XAFS for all three conformations. Furthermore hexameric T 6 insulin crystallized with copper and nickel were studied. Data were collected on beamline 811 at MAX-lab, Lund, Sweden, and are the first protein XAFS experiments carried out on this beamline. Coordination geometry was verified from the near edge region of the spectra (XANES) by comparison with an octahedral and a tetrahedral zinc imidazole complex, see figure. The coordination geometry was in agreement with the extended region of the spectra (EXAFS) and bond distances to the first coordination shell were determined with uncertainties below 0.02 Å.
